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DBSCRTPTTnM 
1- TITLE 

Organic materialc with non-linear optical properLlea and a 
process for their mauulcicture. 

WHAT I? CLAIMED IS: 
1- Organic materiala with non-linear opLitJcil properties, 
characterized in that there is formed onto a chin film of a 
solid phase polymer izabie al-iph^^ti c*^ d.racetylene, which has 
be*en able to form a crystalline macromolcculc by solid phase 
polymerisation, laminated layers of molecules having a benzene 
ring f rauiew^jik; which is a 7;-electron conjugated system, with 
its two ends having an el ^»rt.rnn -donating group and an 
electron-accepting group. 

2. OrgdiilL: uiaLerials with non-linear optical properties, 
characterized in chat there is? tnrm^.d, hy s vacuum deposition 
process, onto a thin film of a solid phaee'^ polymerizablc 
aliphatic diacetylene, which has been able to form a 
crystalline uiacxumolecule by solid phase'^ polymerization, 
layers of molecules having a benzene ring framework, which is 
a TT-electron conjugated system, with its two endc having an 
electron-donating group and an electron- accepting group. 

3. BACKGROm m DP TWR TNVP:^JTTON 
(lndu?tri^;i. FAf^lcii) 

The invention relates to thin films of materials with uon- 
lineax upLical properties and to a process for their manu- 
facture , 
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(DescrlDtlon of the Rel ated Art ) 

Organic nnmpnimds having electron-donating and electron- 
accepting groupc interacting via a 7i-electron conjugaLed 
system are receivixiy diLLention as materials with non-linear 
optical properties from the viewpoints that they exhibit very 
mnrh greater non-linear optical properties than inorganic 
compo\indc and organic compounds and also that they hdve the 
potential for cuuipaxatively free molecular designs. 

However, it is necessary to orient these organic molecules and 
make them crystalline, in order to use these non-line<ir 
optical maLeridla lor practical devices which will produce 
non-linear optical properties, snrh as fiftrnnd h^^rmoni.cs, in 
large amoi-ints. The convisntional Langmuir-Blodgett (LB) procecc 
ie already known ao a process for the formation of thin 
oriented organic filing. This process is characterized in that 
an organic molecule having, on the one hand, byHrophilic 
groups and, on the other hand, hydrophobic groups, deployed in 
a unimolccular form on a water surface, is in a condition 
whereby the organic uiolecule Is standing perpendicularly on 
the water surface and is accumulated onto a flnit;?jble 
gi.ibstrate: it is usually possible to obtain thin films in 
which the axes of the organic molecules are oriented in a 
direcLion perpendicular to the substrate. 

However, there are the following restrictions on the organic 
moleculec used in the LB process. Firstly, in order to express 
the orientation effectively using this procesb, it is 
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necessary to carry out desian dnd synthesis such Chat there is 
ci balance between the hydrophilic and hydrophobir groups at 
the two ends nf the organic molecule being used, which has 
long chain alkyl groupo frameworks. Also the long chain alkyl 
groups extend over a few Lena of 4nqstr6Tns, so that weak 
structural interactions at the two ends are not prevented. 
Furr.hftrmnre, it cannot be dieregarded that there are 
reetrictiono on the materials/ in order for the manuf<nj Luring 
stages to be weL processes and that it takes much time to make 
a specified thickness, so that there is format-ion of a uni- 
molecular layer. 

As well as the Leinyiuuir-Blodqett process, there is also the 
vacuum deposition process for forming thin tilms. ThP v;*ruum 
deposition process is a dry process and it has recently become 
the general proccoo for forming thin films of organic 
compouxids. However, IL ia yeueially not easy to control the 
orientation of the molecules in this vacuum deposition 
process. This is a major problem when it is a result of the 
situation that it ia impossible to select combinations of 
substrates for foiminy Lhin films and film substances whose 
crystal structures and lattice constants are closely s.imilisi-r, 
is the case when there are Group IV semiconductors, 
compound ocmi conductors or inorganic compounds in general . 

in order to solve this, there are processjes for controlling 
the orientation of deposited organic molecules by using, for 
example; uniaxially otrctchcd oriented polyester films as 
substrates, but the degree of orientation is low. 
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(Problems zo be Solved by the invention ) 

As describftH in the previous Section, the common problem 
presented with the related art is that it is difficult Lo 
obtain the substrates needed lyr the formation of the chin 
films, when good qualicy chin crystalline tilms? ^rp formed by 
eir.hftr of the thin film- forming proceeees, the LB process or 
the vacuum depooition process. The purpose of the invention i» 
to provide thin filma o£ organic materials with non-linear 
optical properties, whose vacuum-deposited organic molecules 
are oriented to a high degree and whose non-linear optical 
propertica arc large, by using, as substrates for vacauiii 
deposition, substrates uoiuprising organic macromolecular 
materials whose affinity with vacuum deposir.pti o-rg^jnic 
mnlpnilps is high and which are highly crystalline and highly 
oriented, without the dubst rates being formed from inorganic 
molecules, which have greatly Uilleriay chemical properties 
and geometric shapes, while using the vacuum deposihion 
prorftftfi, which is a practical means of thin film formation. 

(The Means of Solvincf the PrublwrnH) 

The invention, in order to realize the aforementioned purpofift, 
iB constructed from! 

1 , Organic ludLeriala with non-linear optical properties, 
characterized in that there is tormed onto a thin film of a 
.9olid phase polymerizable aliphatic diacetylene, which has 
been able to form a cryotallinc macromolecule by solid phase 
polymerization, laminated layei^s of molecules having a benzene 
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ring framework, which is a /i-eleccron conjugated syscem, with 
iLtf two ends having an electron-don;3t-.ing group and an 
electron-accephing groxip and 

2, Organic materials wiLh non-linear optical properties, 
characterized in that there is torm^d, by vacuum deposition 
prnn^^jflfl, onto a thin film of a solid phace polymcrisable 
aliphatic diacetylcnc, which has been able to form a 
crystalline macromoleculti by solid phase'* polymerization, 
layers of molecules having a benzene ring framework, which is 
a TT-electron conjugated system, with its two endo having an 
electron- donating group and an electron-accepting group. 

(Eir..ects) 

That: is, it is recalled that, according to the invention, thin 
films of organic materials with non-linear optical properties 
can be px-ovided, by layiiiy duwii layers of deposited molecules 
oriented in a set direction, using soiid-phas^^ polymerizable 
aliphatic diacetylene compounds, from which highly cryctallinc 
thin filmo con be obtained, as substrates and using, as the 
deposited molecules ; iiioleuulea having an aforementioned n- 
electron conjugated system, whose two ends have an ^i^iftntron- 
donating group and an electron-accepting group. 

It is poaaible Lo prescribe the direction of oriencacion of 
the deposited molecules by using as a Kiibstrate, a thin film 
comprising an aliphatic diacetylene which has been able to 
polymerize in the aolid phase, but the molecules have a 
different orientation from the direction perpexidicjulcii' to the 
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subscratfe oiriyiny Irom the Langmulr-Blodgect process and t-.he 
orlencacion of the moleciiiftfl h»g the potential to be 
controlled by the functional groups uced in the aide chains of 
the aliphatic diacetylenes used as substx-atcs dcuordlxiy to the 
inveiiLluii. 

The solid phase polymerizable aliphatic diarftt-.ylpne compounds 
^^rcording to the invention have aliphatic functional groups at 
the two cnda of the diacetylenes and arc readily polymerized 
in the solid phase by hecit or light, especially ultraviolet 
light, and the formation of crystals is targeted. Th^ reactiv- 
ity, for example, the rate of polymerization, of a diacetylene 
ic known to be regulated in general by the types and sizes of 
side chain f unctioiKil yroups, but the crystalllnity , on the 
Other hand, depends on the chemical nature ot the side chain 
funnt-ionsl groups. The chemical formulae of the aliphatic 
diacetylene compoundc may generally be written as R-C=C-C=C-R' 
and desirable specific ernboJiuiexiLa hdve R = -(CH,)^CHj, R' = 
-CH^OH, -(CHJ„COOH, - ( CH^ ) iOCUNH ( CH^ ) r^CH^ , or R = R' = -(CH^),pK^ 
- (C^^) jr^Cn^m icn^) ^C}^.^ or the like. The length and si2e of those 
side chain functional groups influence the size of the 
maci-omolecular crystal IdlLi^jes azid the -OH qroup and the 
urethane group -OCOnh- act as important factors in controlling 
the degree of crystalllnity of the macromolecular crystals/ 
due to their participation in the formation of intra- and 
InLyr- molewuldr hydroqen bonds • The thicJcnesses of the films 
Of these solid phase polymerizaDle aliphatic diacetyienes, 
whirh are iif;ed s.q molp.cular substrates for deposition, are not 



8 



21/11 2000 13:0^ FAX 



RWS TRANSLATIONS 



(21010/015 



especially limited. These diiicetylenes which are used as 
aubstrdces may be employed adhered to quart?. gUpg, compounds 
which are semirnnrtuctors, or metals, in order to bond them to 
optical elementc. The formation of the substrate may elLhei.- be 
by coating a solution, or by a deposition process. From the 
viewpoint of uniformity and the like, a d^pnai tion process is 
dftfiirahle, but, where there are accompanying difficulties, for 
example, from thermal decomposition, there may naturally be 
coating from a aaluLxon. 

A description will next be given of the non-linear organic 
deposition mol ?^ri)l in which the electron-donating and 

electron-aecQpting groups at the two cndo interact via the n- 
electron conjugated systems. 

The 71 -electron conjngahpiri systems used according to the 
invention are dosirably bensene, 1, 2-diphcnylcthylenc, 1,2- 
diphenylacetylene and 1 / 4-diphenyldiacetylene . The elecLroii- 
duxidLliiy groups may typically be; amino groups; N-alkylamino 
groups, typitied by N-methyl;9mino gmnpR; M,N-dialkylamino 
groups, typified by N-dimethylamino groupc; hydroxyl groups 
and alkoxy groups. Examples of the electron-accepting groupb 
which may be qiven are: nltro groups, cyano groups, chiocyano 
groups?, aldfthyrift gronpfi, nflrboxyl groups and carbonyl groups. 

Specific embodiment compounds which uicay be yiveii, wiLhouL the 
invention being especially limited to these compounds, are the 
compounds termed: meta- and para^ nitroani.l in^s, ^-mptbyl-4- 
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nitroanilinc, 1 [4' N,N' -dime thy 1 ami nophenyl] -4- (4"-niLxupliexi- 
yl) diacetyleiie, i//eCa-diaiurobenzene, 2-bromo-4-nicroaniline, 
formylnicrophenylhydrazine and ni f.ro- 4 -phenyl -N- (methylcyano- 
methyl) amine - 

The depoaiLioii process for the molecules being deposited 
according co the invention l5? nnt <s^^?pec^ally limited, but, in 
order to express the orientation and optical properties well, 
it is desirable to have the thicknesses of the deposited lilms 
dpproxlmaLely 100 A to 10 ^m. It Is undesirable CO have 
markedly high temperatures tor thft dfipoRition: this avoids 
decomposition of the organic compounds. 
(Exanylca) 

The inveiiLiuii will be explained concretely below by means of 
Examples of its execution. 

Tabic 1. lists the names, chemical formulae/ fonnation pro- 
cesses, formation Leiiipfc!XciLux<i» and film thicknesses of the 
solid phase polymerizable aliphatic diacetylenes used. 
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(Blank space below) 



Table 1 



Name 


Cbemical i<onnula 


fomatioQ Process 


Formation 
TemporaturB 


Film 
Thickness 


4,6-Decadiyne-I,10 diol 


R C=C C=C-R 
R = (CHJ3-0H 


Vacuum depo6itiou 




400 A 


'iyicosa-flOJ2>-diynoic acid 


R-CsC-CaC^-R' 
R = (CH^yCH3 

R'-(Cii2),co,H 


Vacuum Hppn^irion 




400 A 


DiaceryIene-4-butoxy*^carbon- 
ylmethylurerhane 


R-CsC-OC-'R 


Vacuum deposition 




^ A 



ThesG were all formed- onto quarts glass. After forming each 
substrate, polymerization in the tiulid phctse was promoted by 
irradiation wlch ultraviolet light, using a 200 W mercury lamp 
in air. The rryfthall ■» n-i ty of each polydiacetylene sample was 
ascertained using X-ray diffraction when the solid phase 
polymerizations were finished. Just the (0, 2n, 0) rellections 
were observed for each material: the powdered raw materials? 
showed ciearly diffftrftnt orientation properties. 

Using each of these solid phase polymerizable aliphaUic poly- 
diacetylene crystalline thin films as substrates, 2-methyi-4- 
n.itroani 1 inp (MNTA) , which is an organic material with non- 
linear optical properties, was vacuum deposited at 2 x 10"^ 
torr. The substx-ate temperature was room LeiuperaLuie and the 
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raw material temperature was 90 The thicknesses of the 7- 
methyl- 4 -iiicruflLiillirie films deposited were 500 f.n POOO k. 

Thft orientation of the cryctalo of 2 -methyl-4-iiitroetiiiline 
depocited on the crystalline ludcrotiiolecular chin films were' 
evaluaLed by means of X-ray diffraction. For comparison, the 
2-met:hyl-4-nitroanil infi organic material with non linear 
optical properties was vacuum deposited onto a subsLrate of 
untreated quartz glass, which had not had a solid phase 
polymeric polyacetylene described according to the invention 
deposited or coated nn.to it and this was appraised by means of 
X-ray diffraction. The recult3 are given in Table Z- 



XablfiLJi 



Number 


Name 


CoiiipouuO DcpuvilcU 


Degree of OneDunoD or compound Deposited"* 


I 


4,6-Dccadiyne'l , 1 O^liol 


2-Memyl-4-Tiitroanilinc 


>s 


7. 


TrirnKa-(10,12>-diynoic acid 


2-MethyM-nitroaniIme 


>5 


3 


Diacetylenc-t-butoxy '^CAi Uuijyl- 
methylurcthanc 


2'MeiJiyl-4-nim)aniliiie 


>5 


4 


Quart/, jlass 


2-Mcthyl-4.niiroan il in e 


2 



*The degr«:^ft of orientation is defined as the ratio of the (112) 
diffraction intensity to (020) diffraction intensity obLdiaed 
by X-ray dif f racLluxi. 



Here the strength of the (112) reflection chowo how closely 
parallel the 2 methyl-4-nitroaniline molecular surface is to 
the polydiacetyleiie crystalline thin film substrate and the 
srrenqth of the (020) reflection expresses the dP.n.dity of th© 
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2 -methyl -<l-nitroaniline, which is in Lhe condlclon thac Che 
molecular eurface iy urienced perpendicularly to th^. finhstrate 
surface, in the process arrnrding to the invention, it is 
posfiihlp to realize positioning whereby the molecular surface 
has an orientation parallel to Lhe aubscrace, unlike the 
Langmuir-BlodyeLL process, where the positioning of the 
molecules is perpendicuJ ar to the substrate. It was diccovcrcd 
that these trends are clearly increased with solid ph^ae 
polymcrisable aliphatic diaceLyle-ue crysnalline chin film 
substratea. 

( Kff<=^rf.ct of tihe Invention ^ 

It io possible to orient molecules of n-electron conjugated 
systems haviay electron-donating and electron-accepting groups 
at their two ends in a S5ftt orientation, by depositing these 
molecules onto a substrato comprising cryotallinc deposits or 
crystalline coatings of solid phase polynierizcible aliphatic 
polydiacetylexies accordinq co the invention. 

Representative: Patent Attorney T, Sugiyama (1 other person) 
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Translator's Report/Comments 



Yourref: jp2183230 



Y iir order f{date): 9/11/00 



In translating the atx)ve text we have noterl thft following apparent en-ors/unclear 
pabsages which we have connected or amended: 



I Pagc/pora/llne* 



Comment 



1. Throughout this Specification, the description 
**diliphctLic diacetylenes" refers to diacetylenes 
substiLuUeJ wiLh aliphatic qroups as described on 
page 7 of Lhiy Lranslation. 

2, The Japanese says "inlierently" . 
3- The Japanese says "intrinsic". 

4 . The Japancoc oays "solid layer 
polymerisation* . 

5 . The Japanese says "Byf oxy^' . 



• TWs wentfflcanon rerere to me source text Please note thai me first paregrapn is OKen to oe, wnere relevant, tne end pomon of a 
paragraph slartinc on the preceding page. Where the oaragraph fs stated, the line number relates to the partimiar paragraph 
Wh«re no paragraph siatod, lh« tine number refe/« to the page margin line number. 
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